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Introduction 
Total knee arthroplasty (TKA) has been widely recognized as 
the gold standard in the treatment of advanced osteoarthritis of 
the knee1,2). Studies have shown that it successfully results in pain 
relief and improvement in the functional outcome in greater than 
90% of the patients3). 
A significant percentage of patients (range, 10% to 20%) how­
ever still continue to experience complications and report poor 
outcomes following this procedure. With the evolution of tech­
nology, recent studies are targeting the identification of factors 
that contribute to decreasing morbidity and mortality after TKA 
and bring about cost­effectiveness to both the patient and the 
hospital. 
Previous studies have shown that there is a significant rise in 
inpatient admissions and adverse events during the summer 
months4,5). Researches have attributed this rise in morbidity dur­
ing the summer months to various reasons such as the ‘July ef­
fect’ and work­related accidents6). The majority of these studies 
are from the western part of the world, where induction of new 
trainees and residents takes place at the start of July, and research 
has shown that an influx of inexperienced trainees and residents 
brings about an increase in morbidity and mortality (July effect). 
In our country, the induction of new trainees and residents takes 
place at the start of the new year (January 1st). Few studies have 
been conducted examining the influence of seasonal changes on 
perioperative surgical outcomes, and most of them have been 
from developed countries where the different climate pattern and 
abundant resources reflect different results, and these cannot be 
extrapolated to a developing country such as Pakistan5,7­10). Based 
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on the literature review using PubMed (MEDLINE), we were un­
able to find any study from South Asia investigating the effect of 
season on postoperative complications. Considering the humid 
and hot weather of the equatorial countries, we hypothesized that 
surgeries done during the summer months would have a higher 
rate of postoperative complications and a significantly longer 
length of stay.
Materials and Methods
1. Patients
This was a retrospective study done at one of major tertiary 
care referral hospitals in Pakistan from January 2006 to Decem­
ber 2015. After exemption from the Ethical Review Committee 
of Aga Khan University, records for all TKAs done within this 
time period were accessed. All patients, regardless of gender, 
comorbidities and age, who underwent a unilateral or bilateral 
TKA were included in the study. Those patients who underwent 
a revision TKA were excluded from the study. Those patients 
who had missing data were also excluded from the study. A total 
of 725 patients were included in the final analysis. Flowchart of 
data extraction is shown in Fig. 1. TKAs were performed by mul­
tiple attending staff surgeons with residents assisting during the 
procedure. All patients underwent standard routine deep venous 
thrombosis (DVT) protocol. All patients underwent a standard­
ized preoperative antibiotic protocol which was started an hour 
before surgery and continued for the next 24 hours. Intraopera­
tively, the incision site was cleaned using pyridine soap/solution 
before draping. All patients underwent a standard postopera­
tive protocol in the inpatient ward including mobilization and 
physiotherapy. Knee range of motion and full weight bearing as 
tolerated was started postoperative day 1 for patients undergoing 
general anesthesia. For patients with regional/epidural anesthesia, 
knee range of motion exercises were started postoperative day 1 
and full weight bearing as tolerated was started after the epidural 
catheter was removed. Of note, in our part of the country, a ma­
jority of the rehabilitation protocols are carried out while the pa­
tient is admitted in the ward as we do not have any rehabilitation/
recovery centers. This is one of the major reasons why our length 
of stay was prolonged as compared to our western counterparts. 
This is followed up by home physiotherapy sessions on an as 
needed basis. Patients were closely followed up after discharge 
for 30 days to monitor for any postoperative complications that 
might have developed.
2. Methods
Medical records were reviewed and noted on a pro forma 
basis. We recorded demographic data (age, gender, comorbidi­
ties, American Society of Anesthesiologists grade and date of 
surgery) and clinical data (type of surgery, total operative time 
[TOT], estimated blood loss, the need for postoperative transfu­
sion, postoperative special care unit [SCU] stay, length of stay 
[from admission to discharge] and postoperative complications). 
Postoperative complications included major complications—
urinary tract infection (UTI), DVT, surgical site infection (SSI) 
and cardiac complications. The other variable was ‘inpatient 
complications’ which took into account overall postoperative 
complications including major complications (DVT, cardiac 
complication, SSI, UTI, sepsis, and stroke), moderate compli­
cations (delirium, pulmonary edema, and hypotension) and 
minor complications (deranged reflos, electrolyte imbalances, 
urinary retention and postoperative ileus). DVT was defined as 
symptomatic DVT based on the following criteria: edema, leg 
pain, tenderness, warmth/erythema and/or clinical symptoms of 
pulmonary embolism). Nadler formula was used to calculate the 
estimated blood volume of a person. Intraoperative blood loss 
was calculated using the Gross formula, which has been previ­
ously used for calculating blood loss in TKAs11). SCUs are nurse­
led inpatient care units usually managed by a team of nurses with 
753 Records
meeting inclusion
criteria reviewed
23 Records
without data
on the outcome
January April
(n=260)
May August
(n=241)
September
December
(n=224)
725 Records
included in final
analysis
5 Records without
data on the month
the surgery was done
Fig. 1. Flowchart showing extraction of data.
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a pulmonologist supervising and are different from intensive care 
units (ICU). Patients were admitted to the SCU based on their 
comorbidities and in case of any intraoperative hemodynamic 
changes that required aggressive monitoring postoperatively.
Month of surgery was extracted from the date and was appro­
priately set as a categorical variable with 1, January; 2, February; 
3, March and so on. We then decided to divide the months into 
three trimesters of four months: 1 (January–April), 2 (May–Au­
gust), and 3 (September–December). Comparative analyses were 
then carried out between these groups.
Length of stay and TOT were skewed according to both Kolmo­
grov­Smirnov tests and Shapiro­Wilk tests; therefore, the Mann­
Whitney U­Test and Kruskal­Wallis test for nonparametric scale 
variables were used for the analysis of data. Pearson chi­square 
test was used for the analysis of categorical variables. Following 
crude analysis, binomial logistic regression was also carried out 
to adjust for significant variables associated with increased post­
operative complications. For all statistical tests, the alpha value 
was set at 0.05. 
Results
A total of 725 patients who underwent TKA were included 
in the study. Out of the 725 patients, 113 (15.6%) developed an 
inpatient complication. The highest percentage of complications 
with respect to months was seen in July at 35.6% (Fig. 2). Patient 
demographics and details on important specific complications 
are given in Table 1.
Results showed that operations done during the months of 
May–August were associated with a significantly higher risk of 
postoperative inpatient complications (p=0.003) (Table 2). Post­
hoc pairwise comparison showed that May–August surgeries 
were associated with a higher risk of postoperative complications 
when compared with both January–April and September–De­
cember (p<0.05). No association was present between summer 
surgeries and SSIs (p=0.486). 
We also found a longer postoperative SCU stay was associated 
with surgeries performed earlier during the year. Binomial logis­
tic regression was then conducted while adjusting for significant 
factors from the unadjusted analysis (Tables 3 and 4). Based on 
the findings, no association was found between surgeries done 
during the summer months and a longer length of stay (p=0.747).
After adjusting for significant factors, binomial logistic regres­
sion analysis showed that in a prediction model, summer surger­
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Fig. 2. Graph showing percentage of complications per month over a 10 
year period.
Table 1. Patient Demographics
Variable Value 
Age (yr) 62.4±9.7
Sex
   Male 162 (22.3)
   Female 563 (77.7)
Bilateral knee surgery 420 (57.9)
Unilateral knee surgery 305 (42.1)
Comorbidities 
   Diabetes mellitus 198 (27.3)
   Hypertension 424 (58.4)
   Asthma 42 (5.8)
   Hyperthyroidism 6 (0.8)
   Hypothyroidism 42 (5.8)
   Coronary artery disease 64 (8.8)
   Dyslipidemia 23 (3.2)
   Chronic kidney disease 19 (2.6)
   Chronic obstructive pulmonary disease 3 (0.4)
   Hypercholesterolemia 10 (1.4)
Length of stay (day) 8.97±2.97
Total operative time (min) 210.3±73.8
Postoperative special care unit stay 35 (4.8)
Postoperative transfusion 143 (19.7)
Inpatient complications 113 (15.6)
Complications within 30 days 20 (2.8)
Surgical site infection 7 (1.0)
Urinary tract infection 18 (2.5)
Deep venous thrombosis 1 (0.1)
Cardiac complications 16 (2.2)
Values are presented as mean±standard deviation or number (%).
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ies (odds ratio [OR], 2.13; 95% confidence interval [CI], 1.18 to 
3.85), postoperative transfusion (OR, 2.46; 95% CI, 1.43 to 4.26), 
postoperative SCU stay (OR, 4.68; 95% CI, 1.99 to 11.0) and a 
preoperative comorbidity of chronic kidney disease (OR, 3.27; 
95% CI, 1.15 to 9.28) were associated with a higher odds of devel­
oping inpatient complications. Of note, patients who underwent 
Table 2. Comparison among Groups Divided according to the Month of Surgery 
Variable
Group I (n=260) Group II (n=241) Group III (n=224)
p­value
January–April May–August September–December
Age (yr), mean±SD 61.4±10.3 63.4±8.9 62.6±9.8 0.116a)
Sex 0.642b)
   Male 62 (23.8) 54 (22.0) 46 (20.4)
   Female 198 (76.2) 187 (77.2) 178 (79.6)
Unilateral knee 109 (41.9) 100 (41.5) 96 (42.9) 0.941b)
Bilateral knee 151 (58.1) 141 (58.5) 128 (57.1)
Comorbidities 
   Diabetes mellitus 77 (29.6) 69 (28.6) 52 (23.2) 0.247b)
   Hypertension 156 (60.0) 143 (59) 125 (55.8) 0.564b)
   Asthma 15 (5.8) 15 (6.2) 12 (5.4) 0.923b)
   COPD 0 2 (0.8) 1 (0.4) 0.350b)
   Hyperthyroidism 1 (0.4) 2 (0.8) 3 (1.3) 0.513b)
   Hypothyroidism 13 (5.0) 19 (7.9) 10 (4.5) 0.228b)
   Coronary artery disease 23 (8.8) 23 (9.5) 18 (8.0) 0.849b)
   Dyslipidemia 10 (3.8) 9 (3.7) 4 (1.8) 0.362b)
   Hypercholesterolemia 3 (1.2) 2 (0.8) 5 (2.2) 0.401b)
   Chronic kidney disease 6 (2.3) 8 (3.3) 5 (2.2) 0.707b)
ASA grade
    I 12 (4.6) 11 (4.6) 14 (5.8) 0.265b)
   II 177 (67.3) 181 (74.3) 166 (73.2)
   III 71 (27.3) 48 (19.9) 44 (19.6)
   IV 0 1 (0.4) 0
Median length of stay (day) 9.0 (7–10) 8.0 (7–10) 8.0 (7–10) 0.747a)
Median TOT (min) 209.5 (144.25–260.8) 212.5 (146.75–260.5) 222.5 (145.0–263.25) 0.872a)
Postop special care unit 17 (6.5) 14 (5.8) 4 (1.8) 0.036b)
Postop transfusion 53 (20.4) 53 (22.0) 37 (16.5) 0.315b)
Inpatient complications 38 (14.6) 52 (21.6) 23 (10.3) 0.003b)
Complications within 30 days 8 (3.1) 7 (2.9) 5 (2.2) 0.840b)
Major complications
   Surgical site infection 1 (0.4) 3 (1.2) 3 (1.3) 0.486b)
   Deep venous thrombosis 0 1 (0.4) 0 0.366b)
   Urinary tract infection 5 (1.9) 9 (3.7) 4 (1.8) 0.310b)
   Cardiac complications 9 (3.5) 4 (1.7) 3 (1.3) 0.222b)
Values are presented as number (%).
SD: standard deviation, COPD: chronic obstructive pulmonary disease, ASA: American Society of Anesthesiologists, TOT: total operative time, 
Postop: postoperative.
a)Kruskal­Wallis test for continuous variables.
b)Pearson chi­square test for categorical variables.
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surgery during May–August were twice more likely to suffer 
postoperative complications than those who did early during the 
year or in the winter months. 
Patients who stayed in the postoperative SCU were five times 
more likely to experience postoperative complications than those 
who did not. Similarly, those who had chronic kidney disease 
were three times more likely to experience postoperative compli­
cations than those who did not.
Discussion
This study found that surgeries done during the peak summer 
months (May–August) in Pakistan were associated with a signifi­
cantly higher risk of overall postoperative complications when 
compared to those performed early in the year or in the later 
Table 3. Unadjusted Analysis for Factors associated with Postoperative 
(Postop) Complications Using Pearson Chi­Square Test and Mann­
Whitney U­Test
Variable Postop complications
NO postop 
complications p­value
Age (yr) 63.7±9.0 62.2±9.8 0.125a)
Sex 0.471
   Male 28 (24.8) 132 (21.7)
   Female 85 (75.2) 476 (78.3)
Type of surgery 0.046
   Unilateral 38 (33.6) 267 (43.7)
   Bilateral 75 (66.4) 344 (56.3)
Surgery done during 0.003
   Jan–April 38 (33.6) 222 (36.3)
   May–August 52 (46.0) 189 (30.9)
   September–December 23 (20.4) 201 (32.8)
Comorbidities 
   Diabetes mellitus 42 (37.2) 156 (25.5) 0.010
   Hypertension 73 (64.0) 35 (57.4) 0.421
   COPD 1 (0.9) 2 (0.3) 0.396
   Asthma 10 (8.8) 32 (5.2) 0.130
   Hyperthyroidism 0 6 (1.0) 0.291
   Hypothyroidism 7 (6.2) 35 (5.7) 0.842
   Chronic kidney disease 8 (7.1) 11 (1.8) 0.001
   Coronary artery disease 13 (11.5) 51 (8.3) 0.275
   Dyslipidemia 1 (4.3) 22 (3.6) 0.131
   Hypercholesterolemia 2 (1.8) 8 (1.3) 0.698
ASA grade 0.036
   I 2 (1.8) 34 (5.6)
   II 75 (66.4) 443 (73.2)
   III 36 (31.9) 127 (21.0)
   IV 0 1 (0.2)
Length of stay (day) 9.67±3.4 8.84±2.9 0.003a)
Total operative time (min) 221.6±74.1 208.3±73.6 0.093a)
Postop transfusion 0.000
   Yes 41 (36.3) 102 (16.7)
   No 72 (63.7) 510 (87.6)
Postop special care unit 0.000
   Yes 16 (14.2) 19 (3.1)
   No 97 (85.8) 593 (96.9)
Values are presented as mean±standard deviation or number (%).
COPD: chronic obstructive pulmonary disease, ASA: American Society 
of Anesthesiologists.
a)Mann­Whitney U­Test.
Table 4. Binomial Logistic Regression with Membership set “Yes” for 
Complications during Stay
Variable Odds ratio (95% CI) p­value
Knee surgery
   Unilateral 1 ­
   Bilateral 1.12 (0.675 to 1.86) 0.661
Diabetes mellitus 
   No 1 ­
   Yes 1.58 (0.97 to 2.57) 0.066
Chronic kidney disease
   No 1 ­
   Yes 3.27 (1.15 to 9.28) 0.026
ASA grade
   I 1 ­
   II 2.19 (0.46 to 10.4) 0.326
   III 3.15 (0.63 to 15.7) 0.162
   IV 1 1.0
Length of stay (day) 1.05 (0.96 to 1.15) 0.315
Surgery done during
   Jan–April 0.98 (0.53 to 1.80) 0.947
   May–August 2.13 (1.18 to 3.85) 0.013
   September–December 1 ­
Postop transfusion 
   No 1 ­
   Yes 2.46 (1.43 to 4.26) 0.001
Postop special care unit
   No 1 ­
   Yes 4.68 (1.99 to 11.0) 0.000
ASA: American Society of Anesthesiologists, Postop: postoperative.
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winter months. However, the risk for SSIs and prolonged length 
of stay was not increased during the summer months (May–Au­
gust).
There have been few researches regarding seasonal influences 
in surgical patients, and there are even fewer researches geared 
toward evaluating the influence specifically in the orthopedic 
population. Because the summer months in our western coun­
terparts coincide with the ‘July effect’, it is difficult to find studies 
investigating whether the postoperative complications are occur­
ring due to seasonality alone12­17). Of point to note here is that this 
increase in postoperative complications is not the ‘July effect’ seen 
in many hospitals in the west. In the west, during the months of 
July there is an influx of new group of residents, fellows, nurses 
and physician assistants. Many studies done previously have 
shown that an influx of inexperienced staff have resulted in an 
increased morbidity and mortality during these months. How­
ever in our part of the world where medical schools usually finish 
their academic year in the last quarter of the year, new residents 
and interns usually join the hospitals starting January 1st of every 
year. Hence, while interpreting these results, it is advisable not to 
consider this effect the same as the ‘July effect’.
No association was found between summer surgeries and SSI, 
DVT, cardiac complication and UTI. While performing an initial 
audit of the postoperative complications over the period of ten 
years, we noticed a sharp spike in the postoperative complica­
tions during the summer months. From an initial percentage of 
postoperative complications of 10% in January, it rose to an as­
tounding 35.6% in July followed by a gradual decline and another 
small peak during the month of November. Of point to note here 
is that these postoperative complications included both major 
complications (DVT, cardiac complication, SSI, UTI, sepsis, and 
stroke), moderate complications (delirium, pulmonary edema, 
and hypotension) and minor complications (deranged reflos, 
electrolyte imbalances, urinary retension and postoperative il­
eus).
There could be multiple reasons responsible for this observed 
effect. During the summer months, a large number of attend­
ing staff, residents and ancillary support staff choose to leave for 
vacations. It is possible that there is a temporary outflux of well­
experienced staff who used to take care of patients during their 
stay and an influx of newer, less experienced staff who take over 
their duties temporarily. The staff that replaces the one off for 
vacation is usually less in number. Tourangeau et al.18) found that 
for each additional mean year of nurse experience in the clinical 
unit, there were 4–6 fewer deaths for every 1,000 acute medical 
patients discharged. Similarly, Patrician et al.19) also concluded 
that nursing skill and experience were both associated with ad­
verse events. In addition, it is also possible that the staff is gener­
ally less satisfied during the summer months and more prone to 
making work­related accidents. Similarly, Lee et al.20) and Rathert 
and May21) showed that employee satisfaction was associated with 
a lower rate of medical errors. 
Previous studies have shown that warmer temperatures and 
increased humidity both not only facilitate the colonization and 
replication of bacteria in the nosocomial environment but also 
increase colonization of the normal human flora. This inadver­
tently leads to a higher risk of SSIs7,22,23). A previous study has 
shown that there is an increase in the incidence of SSIs during the 
summer months in patients undergoing total joint arthroplasty10). 
However, our study showed no significant association between 
summer months and an increased risk of postoperative SSIs. 
Our findings are similar to those of Haws et al.8) who examined 
postoperative SSIs in patients undergoing fixation of fracture in 
summer months. They concluded that there was no association 
between summer months and surgical wound infections. 
In a research published in 2011, Ackland et al.24) conducted a 
study on 526 patients undergoing elective orthopedic surgery to 
see whether chronic kidney disease was associated with postop­
erative morbidity in orthopedic surgery. Their study found out 
that patients with chronic kidney disease sustained excess mor­
bidity on day 5, took longer to become morbidity­free and had a 
longer hospital length of stay. They also found out that chronic 
kidney disease patients sustained more pulmonary, infectious, 
cardiovascular, renal, neurologic and pain complications. These 
findings are similar to those seen in our study indicating that 
chronic kidney disease is an important preoperative risk factor 
that should be accounted for when planning operations.
Much has been researched regarding postoperative morbidity 
after allogenic transfusion, with a number of researches from 
different surgical fields indicating postoperative transfusion is as­
sociated with a longer length of stay, higher risk of infectious epi­
sodes, respiratory infections, sepsis, atrial fibrillation, acute renal 
failure and stroke25­28). 
Postoperative SCUs are specialized nurse­led inpatient care 
units. They are different from ICUs, with a pulmonologist usually 
overseeing the primary care of the patient. Being similar in struc­
ture to ICUs, we reviewed previous studies on ICU stay and their 
effect on postoperative morbidity. We found out that ICU stay 
was not only associated with an increased postoperative morbid­
ity but also an increased risk of mortality29,30).
While there are some factors which cannot be controlled such 
as preoperative comorbidity of chronic kidney disease, several 
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postoperative factors contributing to an increased risk of com­
plications such as postoperative transfusion and postoperative 
SCU stay can be taken into account during preoperative plan­
ning. Identifying the risk factors associated with these variables 
can be used to sort out patients who might have an increased risk 
of complications and an appropriate care plan can be drafted up 
early in the course to deal with it. 
This study has several limitations and these results should be 
interpreted with caution. Firstly, this study is a non­randomized 
retrospective study in nature. The variable postoperative com­
plication was coded to contain both major, moderate and minor 
complications during the patient stay. Though we were able to 
retrieve major complications such as DVT, UTI, cardiac compli­
cation and SSI from file review, we could not take into account 
the minor complications separately. Our study did show that 
surgery during the summer months was not associated with a 
higher odds of major complications, but overall there was an 
increased risk of both major and minor complications. No root 
cause analysis was done to further investigate the reason for such 
phenomenon as that was not the main purpose of the study.
This study showed that the summer season was not associ­
ated with SSI. However, considering the limited sample size, one 
should be cautious about making conclusions as with a small 
incidence of SSIs in the population there is a risk of a type II error 
taking place. Also, the TKAs were performed by multiple dif­
ferent surgeons, which may introduce a risk of bias as different 
surgeons may have different preferences with respect to surgical 
approaches etc.
This study also shines light on another important research 
question which needs to be addressed in future studies: staff sat­
isfaction and work­related accidents during the summer months. 
It is possible that the results from such researches may give an 
insight into a risk factor that is controllable and minimize the risk 
of postoperative complications occurring due to poor delivery of 
care and work­related accidents.
Further investigation into seasonality and its effect of postop­
erative complications and infections in particular is warranted. A 
much larger study involving various surgical subspecialties may 
yield a more definitive answer to this question. 
Conclusions
The results of this study show that overall complication rates 
following TKAs exhibit a seasonal trend, with a peak during the 
summer months. Using a large sample size over a ten year period, 
our results may have some implication in clinical practice and 
stricter approaches to hospital guidelines during the summer 
months. Since there was no major association between major 
complications (DVT, SSI, cardiac complication, and UTI) and 
surgeries during the summer months, it is possible that a major­
ity of these moderate and minor complications are occurring pri­
marily due to work­related accidents during the summer months. 
Since even minor complications (electrolyte disturbances and 
urinary retention) cause significant distress to the patient’s family, 
it is advisable that all possible causes leading to this phenomenon 
need to be thoroughly researched and addressed. 
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